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U'c, Aktiebolaget Volvo, a Swedish Bo^ 
Cori>uraic, of Ilisingcn, Godienburg H, 
Suvdcn, do hereby declare the invention, tor 
which wc pray that a patent may be granted 
to u^y and the method by which it is to be 
formed, to be particularly described m and by 
the following statement: — 

This invention relates to hydropnemnatic 
vehicle suspension. . . 

Hydropneumatic vehicle suspension devices 
are known in which a telescopic piston-qrlindar 
clement serves both as a springing device and 
a damping device. The object of the mvention 
is to improve the construction of the telescopic 
elements such that the telescopic elements m 
addition to fulfilling the above-named functions 
can serve as anti-roll and anti-pitch members. 
The telescopic elements are pivotally ins^ted 
between the sprung and unsprung parts of the 
20 vehicle and consist each of a differei^ area 
piston movable in a cylinder having differential 
spaces of difi'erent sizes filled widi a pressure 
liquid, and there arc further provided pressure 
containers having each a space for pressure 
25 Hquid and a space for a compressed gas 
s«>arated from each other by an elastic dia- 
ptogm. The invention is charaaenzed by me 
fea that the differential spaces in each tde- 
scopic element are sq)arated fix>m each oilier 
SO and tiiat the larger differential space m a tele- 
scopic element on one side of the vehide com- 
mimicates vdth the smaller differential ^ce 
in lh.e telescopic element on the other side ot 
the vehide and vnth the Hquid space 
pressure container, whereas the smaller de- 
ferential space in the tdescopic dement on the 
first-named side of die vehide commumcates 
with the larger differential space in the tele- 
scopic dement on the other side of die vehide 
and with the Hquid space in a second pressiBre 
container. Due to tiiis cross-connection of the 
differential spaces of the tdescopic dements on 
both sides of the vehide tiiere is obtamed me 
advantage that the springing action is stiffcr 
in case of a r olling mo tion than in case ot a 



S9 



paralld motion of the sprung part of the vehide 
such that the device acts both as a springing 
device and an anti-roU device. If the telescopic 
elements on one and the same axle are cross- 
connected to eadi other, there is only obtained 50 
an anti-ToU action. If, however, the tdescopic 
dement on one side and on one axle is cross- 
conneaed with the telescopic dement on die 
other side and on anotiier a^e, there is obtained 
an anti-roU action as well as an anti-pitch action. 55 
The advantage obtained by the invention 
consists in that special mechanical anti-roll and 
anti-pitdi members are not necessary and that 
the resistance of the vehide to roU and pitching 
will not vary as mudi with varying load as 60 
in case of merlv^^"'! anti-roU and anti-pitch 
members. If mecfaaniod anti-roU and anti- 
pitch members are used, their dimensions must 
be sudi as to provide for a satis&ctoiy resistance 
to roU and pitching when the vehide is fully 65 
laden. In an m\aSpn vehide the. rolling and 
pitching forces are lower due to the lower 
wdght of the vdude and due to the &ct that 
the center of gravity of die vdiide Hes at a 
lower leveL In this case, mechanical anti-roU 70 
and anti-pitch members will be too strong when 
the vehide is pardy laden or tinladciij die 
result being harsh and wmatisfactory riding 
diaracteristics of tiie vdiide. 

If, in contrast thereto, hydropneumatic 75 
anti-roU and anti-pitch action is used, die 
resistance to roH will vary in accordance with 
the load, since the hydropneumatic springs are 
combined, in a manner known per se;, with 
levelling devices which at varying load auto- 
maticaUy r'QtntgiTi constant the ground dcar- 
ance by supplying pressure liquid to, or with- 
drawing it ficom, the Hquid spaces of the 
springs. With decreasing load, the gas will 
expand in die pressmre containers. The. in- 
creasing gas volmne in the pressure containers 
upon decreasing load results in a softer action 
of the springs as well as the anti-roH and antir 
pitdi actions so that in many cases die rolling 
and pitching movement of die vdiide wiH be 
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piacdcaUy constant. 

The construction of tiie telescopic elements 
with separate differential spaces in accordance 
with the invention can also be used as a simple 
5 and effective wheel lift To this end, the 
^telescopic dements are cordbined with a 
structure characterized by .a shat-off valve 
provided in die connecting oondoit between 
the large differential space of the tdescopic 

10 element and the communicating liquid space 
of ^e pressure container, and further com- 
prising a conduit between the large differential, 
space and the low-pressure side of the pressure 
liquid system, the last-named conduit also 

15 being provided with a shut-off valve. If the 
valve between the large differential space and 
the pressure container is closed and the valve 
for the low-pressure conduit is opened, the 
whed will be lifted by the pressure in the 

20 smaU differential space. This construction 
facilitates tire changing especially in heavy 
vefaides, and in vehides provided- with tandem 
axles it may serve to lift one- pair of wheels at 
low loads. Moreover^ the shut-off device may 

25 be used to lod^ the wheds* in a certain position 
which may be desirable, for instance, during 
loading and unloading or if a crane with a 
swingmg boom is mounted on- the vehide. 
From the above it follows that thetdescopic 

30 dements according to the invention serve the 
functions of springs, shock absorbers, anti-roll 
members^ ami-pitch members and wheel 
lifts. 

^ Further- objects and advantages of the inven- 

33 tion will appear firom the following description 
with refeienoe to the*annexed drawing. 

Fig. 1 shows diagranunatically and pardy 
in section an a^e of a vehide with independent 
'whed suspension and a spring device according 

40 to -the invention. Fi^. 2, 3, 4 and 5^ dia- 
grammatical illustrations of the mode of 
opeacationof the spring device in case of paralld 
springing movement, -rolling movement and 
one-sided springing movement. Figs. 6 and 7 

45 are.diagranunadc illustrations of an embodi- 
ment of the invention adapted to act as springs, 
shock-absorbers, anti-roll members and anti- 
pitch members. Fig.- 8 is & diagranunatic view 
of a device according to the invention as applied 

50 to ta ndem axles. Fig. 9 - a sectional view and 
F%. 10 . a lateral view- of •a tdescopic dement 
according to the invention, and Fig. 11 a sec- 
tional view - of part of a telesccmic dement 
according to -a modified construction. 

55 Referring to Fig. 1, the wheels 1 of the 
front axle of a vehide are by means of suspen- 
sion arms 2 and 3 pivotally connected with the 
fiame-or sprung part 4 of tiie vdude. Pivotally 
inserted between -the suspension -arms 3 and 

50 the frame- 4 are tdescopic dements, the left- 
hand dement consisting of a differential 
cylinder 5 and a differeniKd area piston 6, and 
the right-hand tdescopic • dement - consisting 
of a JcUfferential xrylinder 7 and a differential 
65 area piston 8. The HiflRw^^^] piston 6 divides 



the differential cylinder 5 into two separate 
diambers, namely, a larger differential space 9 
and a smaller differential space 10. Jn a 
similar manner, the right-hand tdescopic ele- 
ment has a larger differential space 11 and a 70 
smaller differential space 12. The differential 
space 9 in the left-hand tdescopic dement 
eonununicates through a duct 13 in the dif- 
ferential piston 6 and a flexible conduit 14 with 
the differential space 12 of the jight^hand 15 
tdescopic dement. The conduit 14 :also 
commimicates with the liquid space 15 in a 
pressure container 16. An elastic diaphragm 17 
separates the liquid space 15 from a gas space 
18 in the pressure container 16. In a similar 80 
manner, the differential space 10 in the left- 
hand telescopic dement commimicates through 
a conduit 20 and a duct 21 with the:differential 
space 11 in the right-hand tdescopic element 
and with the hquid space 22 in a -pressure 85 
container 23. An elastic diaphragm 24 divides 
this container into a liquid space 22 and a gas 
space 25. Levelling devices 26 actuated by the 
suspension arms 3 connect tiie conduits 14 
and 20, xespectivdy, dther with a conduit 27 90 
for a high-pressure liquid or with a low- 
pressure or return conduit 28. In^e conduit 14 
between the differential space 9 and'the liquid 
space 15 in the container 16 there are provided 
a shut-off valve 29 and a damping device 30. 95 
Sirnilariy, a shut-off valve 31 -and a damping 
device 32are provided in theconduit20between 
the differential space 1 1 and the liquid space 22. 
By means of connecting conduits -33 and 34 
provided with shut-off valves 35 and 36, 100 
respectivdy, the larger differential space 9 or 11 
can be connected with the return conduit 
28. 

The mode of operation' of the device accord- 
ing to the invention is best described with 105 
refamce to Figs. 2, 3, 4 and 5 in which 
similar parts are denoted by tiie samexeference 
numerals as in Fig. 1. In tiiese Figmes the 
tdescopic dements are -placed upside down -as 
compared -with Fig. 1. Also, die cyiniders 5 110 
and 7 are connected with lie sprung part t)r 
the vehicle, and the connecting conduits 14 
and 20 between the differential spaces 9, 12 
and 10, 11, respectivdy, are directly connected 
to the cylinders 5 and 7, -respectivdy. 115 

In Figs. 1 and 2, the tdescopic dements are 
shown in tiieir intermediate positions. The 
levelling devices shown in -Fig. 1 always tend 
to return die spring to tins position. If a - 
tdescopic dement is contracted, for instance 120 
due to an increased load on the vehide, jdie 
levelling device 26 permits flow - of pressure 
liquid from the highrpressinre conduit 27 to the 
liquid space 15 in the pressure container 16 
imtil the tdescopic dement -has xegained its 125 
original length. At decreasing load the levelling 
device 26 permits pressure liquid to pass from 
the liquid space 15 to the return conduit 28 
until the vehide dearance hdght has reassumed 
its normal value. Preferably^ the ievdling 130 
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device 26 is provided, in a manner kaown per 
sc, with a restriction or delaying device which 
prevents changing of the clearance height 
under the influence of the normal sprmg 
3 movements. 

Assmning now that the vehicle stnKes a 
symmetric dcvation of the.ground so that both 
wheels are simultaneously forced .upwards, 
the telescopic elements will be contracted from 
10 the intermediate positions shown in Figs. 1 
and 2 to the positions shown in Fig. 3. As will 
be seen from the drawing, the volume of the 
differential space 9 . in the left-hand telescopic 
element will be reduced thereby and simul- 
tS taneously the volume of the commumcating 
differentiai space 12 in the right-hand telescopic 
dernoit will he increased- The difference 
between these changes in volume, x>t the posi- 
tively displaced amount of liquid, will flow to 
20 the pressure container 16 and will compress 
the gas endosed m the space 18. The volume 
of the liquid actually displaced from die 
differential spaces 9 and 12 obviously equals 
tiie volume v^ch a . piston having the small^ 
25 diameter of the differential piston 6 woidd 
displace for die same piston stroke. It can be 
said, therefore, that the spring rate for a sym- 
metric springing movement will be the same 
as in the case where a piston having the smallar 
3D diameter of the differential piston would work 
against liie gss voltme 18 endosed in me 
pressure container 16. Exactiy the same con- 
sideration holds true of the rigbt-hand tdfr- 
scopic dement and the right-hand pressure 
tS container 23. - r -u 

Assuming now instead a rolling acaon of the 
vdiide, the kft-hand tdescopic dement wUl 
be expanded and the right-hand tdescopic 
element will be contracted, as exemplified in 
M Eg 4 ^ tius case the volume, increases both 
iiTthe differential space 9 of the left-hand 
tdescopic dement and the commumcatmg 
differential space 12of the right-hand telescopic 
dement, tiie resuk being a large reduction of 
'45 the volume of the liquid space 15 in the pressure 
container 16 and a corresponding large expan- 
sion of the gas in the .space 18. At die same 
time, the volume is reduced both of the Oil- 
fcrential space 10 in the left-hand tdescopic 
S) dement and the communicating differential 
space 11 in the right-hand tdescopic draient, 
r^ulting in a high displacement of Uqmd mto 
the Uquid space 22 of the pressure contamer 23 
and a corrcspondmg high compression of the 
•35 gas in ilie space 25. Omsequendy, a roUmg 
action win tesuh .in larger pressure vanauons 
than a paralld movement, and said pressure 
variations act on a larger piston area, namdy, 
on the sum of botii pressure areas of the dif- 
W fcrential piston- Speaking exactiy, a^lhnjg 
action results in a pressure variation which is 
determined by the sum of the liquid volum^ 
displaced by both piston surfaces of tiie dif- 
ferential piston, and the resulting pressure 
ifiS variation acts on tixe sum of bodi piston areas 



of the differential piston. On the other hand, 
a paralld springing movement causes a pressure 
variation determined by the difference of the 
liquid volumes displaced by bothl>iston areas 
of the differential piston, and the resulting TO 
pressure variation .acts only on the difference 
between the two pressure areas of the dif- 
ferential piston. Consequentiy, a tolling acuon 
results in a stiffer springing action tiian a 
paralld springing movCTient. The difference 75 
between the spring rates is determined by the 
diameter ratio of the differential piston. The 
greater this diameter ratio the higher is the 
resistance to roll of the vehide as compared 
with the rigidity of the springs during sym- W, 
metric springing movements. By way of 
example, for a diameter ratio of 1 : 125 the 
spring rate in case of a rolling action is 4.5 
times the spring rate in case of symmetric 
springing movement. ^ 

Fig. 5 explains the mode of operation m 
case of a one-sided springing movement. It 
may be assumed tiiat the left-lwnd telescopic 
element remains unmoved in its intermediate 
position, whereas the right-hand tdescopic 90 
element is subjeaed to a contraction. In this 
case liquid wiU be displaced from the differen- 
tial space 11 of the right-hand telescopic de- 
ment, resulting in a certain compression in the 
gas space 25 of the pressure container .23. At 95 
the same time, the volume .of the differential 
space 12 in the right-hand tdescopic dement 
is increased, resulting in a certain expansion 
in the gas space 18 of the pressure container 
16. In the present case, the pressure variations IQO 
are smaller thnrt jn case of rolling, movement 
because of the fact that the volumetric changes 
arc induced in one tdescopic dement only. 

The final outcome is that the value of the 
spring rate for one-sided springing movement 105 
Ues somewhere between tiie values for sym- 
metric springing movement and rolling action. 
Summing i^, it can be said that the springing 
device according to the invention renders 
possible the construction of a vehide with high HO 
resistance to roll and neverthdess .soft springing 
action in case of symmetricjand oaersided whcd 
movements. . , , j 

Figs. 6 and 7 illustrate how a smgle hydro- 
pneumatic suspension member for eadi whed 
in accordance vnih the invention can combine 
the actions of anti-roll and anti-pitch members. 
In both of these F^ures the two upper sus- 
pension devices may be assumed.to be associated 
with the front axle of a vehide and the.lower E8) 
suspension devices witii tiie rear axle of tiie 
vehide. As described above with reference to 
Fig. 1> each suspension device comprises a 
cylinder 5, a differential area piston 6, a damp- 
ing device 30, a pressure container 16 and a 125 
levelling device 26. In the embodiment 
according to Fig. 6, the differential space 9 in 
the left-hand tdescopic dement of tiie firont 
axle communicates with the differential space 
37 ill the right-Jjand . telescopic dement of rixe 130 
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lear axle, whereas tiie differential space 10 
in die left-hand telescopic dement of tike front 
axle ocmununicates widi the differential space 
11 in the right-hand telescopic element of the 
5 front axle: The differential space 38 in the 
left-hand telescopic dement of Ae rear axle 
communicates with the differential space 12 in 
the right-hand telescopic element of the front 
axle, and the differential space 39 in the left- 

10 hand telescopic element of the rear axle com- 
municates with the differential space 40 in the 
right-hand telescopic element of the rear axle. 

The mode of operation of the device illus- 
trated in Fig. 6 is as follows. In case of a 

15 parallel springing movement of all four wheels 
the operation is obviously the same as in case 
of a symmetric movement of the two wheels in 
the embodiment according to Fig. 1. Also in 
case of rolling movement of the entire vehide 

20 according to Fig. 6 the same resistance to 
roll is obtained as in the case of roll of a single 
axle according to Fig. 1. Finally, it will be 
apparent that for a springing movement of a 
single wheel the mode of operation will be the 

25 same in both cases. Now let us assume a 
pitching movement of the sprung part of the 
vehide, for instance a compression of the 
front springs and an extension of the rear 
springs as a restdt of braking, the volume will 

30 be reduced simultaneously in the communi- 
ating spaces 9 and 37 and will be increased 
simultaneously in the communicating spaces 
12 and 38. In the communicating spaces 11 
and 10 the volimie will be decreased and in- 

35 creased, respectivdy, and there will also be a 
decrease and increase of the volumes of the 
communicating spaces 39 and 40, respecdvdy. 
Consequendy, half the number of the inter- 
communicating spaces will act to resist roll 

40 and half the number will act to resist paralld 
springing movement in tiie manner previously 
described. 

Therefrom it follows that the resistance of 
the springing device to pitching movement lies 

45 between die resistance to roll and the resistance 
to paralld springing movement, which is often 
a suitable relation of the various spring rates, 
since in most vehides the VTheel base is longer 
than the track, for wbidi reason a resistance 

50 to pitching smaller than the resistance to roll 
will be satisfactory. 

In the embodiment illustrated in Fig. 7 the 
tdescopic dements of the front axle are com- 
pletdy cross-connected with the tdescopic 

55 elements of the rear axle. This arrangement 
need not be described in detail as it is obvious 
for reasons of symmetry that the spring re- 
sistance to roll wQl be the same as the resistance 
to pitch. Consequendy, this arrangemait may 

60 be suitable in vdiides have a relatively short 
whed base. 

Summing up, it can be said that the spring 
devices according to Figs. 6 and 7 render 
possible the construction of a vdude having a 
& rdativdy high zesistanoe to roll and pildi and 



a soft sp ri ngin g action for paralld springing 
movement. A soft springing action ran also 
be obtained for individual wheds, individual 
axles or for the springing movement of the 
wheels on one side of the vehide. In other 70 
words, a stable vehide can be obtained which 
neverthdess has soft springing movements. 

Fig. 8 shows an embodiment of the invention 
as applied to tandem or so-called bogie struc- 
tures. The upper telescopic element having 75 
the larger differential spaces 41 and 42 and the 
smaller differential spaces 43 and 44 are con- 
nected to one axle of the bogie, whereas the 
lower tdescopic dements having the larger 
differential spaces 45 and 46 and the smaller 80 
differential spaces 47 and 48 are connected to 
the other axle of the bogie. The large differen- 
tial spaces 41 and 45 of the left-hand tdescopic 
elements communicate widx each other and 
with the smaller differential spaces 44 and 48 85 
of the right-hand telescopic elements and with 
the liquid space 49 in die pressure container 
50. Similarly, the smaller differential spaces 
43 and 47 of the left-hand tdescopic elements 
communicate with each other and with the 90 
large differential spaces 42 and 46 of the right- 
hand tdescopic elements and with the liquid 
space 51 in the pressure container 52. In the 
same mann er as previously described, shut-off 
valves 29 and damping members 30 are pro- 95 
vided in the conduits conneaed to the large 
differential spaces 41, 42, 45 and 46, and each 
of said spaces is connected to a return conduit 
33 having a shut-off valve 35. Only two level- 
ling devices 26 are provided for the four wheds 100 
of the -bogie, and these levelling devices are 
preferably adapted to be acted upon by the 
wheels of one said the same ade. 

The mode of operation of tins arras^ement 
is as follows. Since bodi of the large differential 105 
spaces 41 and 45 on one side of the vehide and 
the small differential spaces 43 and 47 on the 
same side are arranged in paralld relation to 
each other, the load is always imiformly dis- 
tiibirted between the wheds on one side of the 110 
vehide. Further, the arrangement according 
to Fig. 8 offers the advantage that the springing 
action will be twice as soft if the wheds of one 
axle only strike an obstade. Finally, the gas 
volume and the pressure in the springs will 115 
not be affected if the wheels of one axle strike 
an obstade and the wheels of the other axle 
simultaneously go down into an equally deep 
hole. These advantages, that is, equally dis- 
tributed load and softer springing action, are 120 
the same as are obtained in conventional bogie 
structures having mechanical balance arms 
between the vrhcds on one side. Consequendy, 
it can be said that die structure according to 
Fig. 8 fimctions as a hydraulic balance arm 125 
wherein a few relative light and inexpensive 
conduits replace the rdativdy heavy and 
expensive mechanical balance arms and their 
joints.^ The arrangement according to the 
invention ftirther o&rs the advantage that the 130 
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axle structure itself is the same for sm^e 
axles and bo^es, whereas bogies with mech- 
anical balance arms require special construc- 
tions. 

5 In other respects, the arrangement accordmg 
to Fig. 8 operates in the same manner as de- 
scribed with reference to Fig. 1, and the same 
differences of the spring rates are obtamed m 
case of parallel springing movement, one- 
10 sided springing movement and rolling move- 
ment. Further, it will be obvious th^ by 
combining the arrangement according to Fig. 8 
with the arrangement according to Fig. 6 or 7 
there can be obtained the action of an ann-pitcn 
15 member for vehicles with two bogies or with a 
bogie and a single axle. 

Figs, 9 and 10 iUustrate a more spednc 
construction of a telescopic element. 

The cvlinder comprises a cyhndrical tube 53, 
20 a bushing 54 and a bottom plate 55 bolted to a 
yoke 56 which by means of two journals 57 is 
pivotally mounted in the suspension arm 3. 
Movable m die cyHnder is a differential ar^ 
piston consisting of a piston member 58 and 
25 a piston tube 59. The top end of the piston 
tube 59 is secured to a head 60 which by means 
of two journals 61 is pivotally mounted in the 
chassis or sprung part 62 of the vehicle. Pro- 
vided between the cylinder and the differential 
30 piston are the larger differential space 9 and 
the smaller differential space 10 which are 
sealed against each other by means of a se^g 
member 63 provided in the piston 58. 
interior of the piston tube is by means of a 
35 tube 64 divided into an outer piston space 65 
and an inner piston space 66, The smaUer 
differential space 10 of the telesopic element 
communicates through opening 67 with the 
outer piston space 65 and through a bore m 
40 the left-hand journal 61 and a hose connection 
68 and the flexible conduit 20 shown m Fig. 1 
with the pressure container 23. The large 
differential space 9 of the telescopic element 
communicates with the inner piston space 66 
45 and through a bore m the right-hand journal 61 
and a hose connection 69 and the flexible con- 
duit 14 shown in Fig. 1 witii the pressme 
container 16. A dust cover 70 protect the 
sUding surface of the piston tube 59 and the 
50 sealing member in the bushing 54 agamst dust 
and splash. Pressed into the bottom plate 55 
is a tube 71 having bores 72, a non-return 
valve 73 and apertures 74. 

The mode of operation of the telesa)pic 
55 element according to Figs. 9 and 10 "^f^ 
apparent from the previous parts of the de- 
SCTiption. At a springing movement of the 
wheel 1 shown in Fig. 1 tiie suspension mn 3 
will swing between the cenural lines 75 shown 
60 in Fig. 10, resulting in a shorter swmgmg 
movement of the telescopic element between 
the central hues 76, this swinging movrai^t 
being possible due to die movabihty of the 
iomials 61 and the flexibihty of tiic condum 
65 14 and 20. Fig. Jl §hows a modification of me 



pivotal mounting of the differential p^on 
58, 59 in the chassis or sprung part 4 }fj? 
vehicle and the connection between the de- 
ferential piston and die conduits 14 and 20. 
Two brackets 77 bolted to die chassis 4 serve 70 
as supports for the bearings for the two 
loumals 61 and also as tumable bushm^ 
provided with packings 78. The journals 61 and 
die bushings in the brackets 77 are m coasal 
ahgnment so as to permit die telescopic ele- 75 
mait to perfonn its angular movementbetweoi 
the central lines 76 shown in Fig. 10. With thK 
arrangement, the connecting conduits 14 and 
20 may be fixed tubes in the chassis 4. 

The tube 71 in the cylinder serves as a 80 
buffer for limiting the compression stroke of 
the telescopic element. To this end, the mbe 
71 is dimensioned such that it will practically 
shut off the large differeutial space as it enters 
the inner tube 64 of die differoitial piston. As 8!> 
a result thereof, the liquid contained m the 
large differential space 9 will be forced through 
the holes 72 into tiie tobe 71. The desired 
stroke limiting buffer action can be obtainai 
by suitable location and dimensionmg of me 90 
holes. During this part of the operation the 
non-return valve 73 is maintained in dos^ 
position. Immediately at the beginnmg of the 
eroansion stroke the non-return valve 73 op^ 
so as not to prevent the normal function of tiie 95 
telescopic element as a spring. In a smilar 
manner, the holes 67 in the piston tube 59 act 
as stroke limiting buffers during the expansion 
stroke of tiie telescopic element. In this case, 
the stroke limiting buffer action takes place 100 
as the bushing 54 more and more covers i^e 
holes 67, thereby causii^ a pressure rise in tiie 
smaller differential space 10. 
WHAT WE CLAIM IS:- 
1. A hydropneumatic vehicle suspension 105 
comprising telescopic dements pivotally in- 
serted between the sprung and unsprung parts 
of the vehicle and consistii^ each of a differen- 
tial area piston movable m a cylind^ havmg 
differential spaces of different sizes filled with 110 
a pressure liquid, and further comprising pres- 
stuc containers having each a space for pressure 
Uquid and a space for a compressed gas separ- 
ated firom each otiicr by an dasuc diaphragm, 
characterized in tiiat tiie differential spac^ m 115 
each telescopic dement arc separated firom 
eadi otiiicr and that the larger differential space 
in a tdescopic dement on one ade^ the 
vehidecommunicateswitiitiiesmaUerdiffereQ- 
tial space in the tdescopic dement on the other 120 
side of the vdude and witii tiie liquid space m 
a first pressure contamcr, whereas the smaUer 
differential space in the tdescopic element on 
the first-named ade of tiie vehide commum- 
cates witii tiie larger differential space in the 125 
tdescopic dement on tiic otiier side of tiie 
vdiide and with the liquid space m a second 
pressure container. 

2 A hydropneumatic vehide suspension 
according to daim 1, characterized in tiiat tiie 130 



^ISOOCIf><Ga 890089A I > 



890,089 



10 



15 



25 



telescopic elemeats are provided on one and 
the same axle of the vehicle. 

3. A hydropneumatic vehicle suspension 
according to claim 1, characterized in that the 
telescopic elements are provided on different 
axles of the vehicle, 

4. A hydropnenmatic vehicle suspension 
according to claim 3, characterized in that each 
smaller differential space in the telescopic 
elements on one side of the vehicle communi- 
cates with the larger differential space in the 
telescopic elements on the same axle and on 
the other side of the vehicle and with the 
liquid space in different pressinre containers, 
and that each larger differential space in the 
telescopic elements on the first-named side of 
the vdiicle communicates with the smaller 
differential space in the telescopic elements on 
another axle and on the other side of the 

20 vehicle and with the liquid space in different 
pressure containers (Fig. 6). 

5. A hydropneumatic suspension accordiii^ 
to any of claims 1 to 4 for vehicles having 
double wheel axles or tandem axles, charac- 
terized in that the larger differential spaces in 
the telescopic elements provided on one side 
and associated with the same pair of axles 
communicate with each other and with the 
liquid space in a common pressure container, 

30 and that the smaller differential spaces in the 
telescopic elements provided on the same side 
and associated with the same pair of axles 
communicate with each other and with the 
liquid space in another conmion pressure 
container. 

6. A hydropneumatic suspension according 
to any of the preceding dauns, characterized 
by a levelling device responsive to variations of 
the distance between the sprung part and the 
unsprung part of the vehicle such as to permit 
supply of liquid under pressure to the larger 
differential space of the appertaining tele- 
scopic element when said distance is smaller 
than normal and to permit withdrawal of liquid 
under pressure from said differential space 
when said distance is longer than normaL 

7. A hydropneumatic suspension according 
to any of the preceding daunsj characterized 
by damping devices provided in the connecting 

50 conduits between the differential spaces of the 
telescopic elements and the liquid spaces in 
the pressure containers. 

8. A hydropneumatic suspension according 
to any of claims 1 to 6, characterized in that 
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a damping device is provided in the connecting 55 
conduit between the large differential space 
of each telescopic element and the communi- 
cating liquid space of the pressure container. 

9. A hydropneumatic suspension accordhig 
toany of the preceding daims, characterized by 60 
a shut-off valve provided in the connecting 
conduit between the large differential ^ce of 
the telescopic element and the communicating 
liquid space of the pressure container and by a 
conduit indudmg a shut^ff valve and provided 65 
between the larger differential space and the 
low-pressure side of the pressure liquid 
system. 

10. A hydropneumatic suspension according 

to any of the preceding claims, characterized 70 
m that the differential cylinder is pivotally 
connected with the unsprung part of the 
vehide and that the differential piston is pivot- 
aDy connected widi the sprung part of the 
vehide. - 

11. A hydropneumatic suspension according 
to claim 10, characterized mthat the differential 
piston consists of an annular piston connected 
with two concentric tubes which define an inner 
and an outer piston space, the inner space 80 
conununicating with the larger d^erential 

^S]^ce, and the outer space commimicating 
with the smaller differoitml space. 

12. A hydropneumatic suspension according 

to dam lU dMractmzed in that the upper 85 
end of the diffierential piston is provided with 
two hollow journals arranged symmetrically 
with respect to the axis of the differential 
piston and coaxially with respect to an axis at 
right an^es to the axis of the differential piston, 90 
the mt&nor of one joinnal conmmnicating with 
die inner space of the differential piston, and 
the interior of the other journal communicating 
with the outer space of the differential piston* 

13. A hydropneumatic suspension according 95 
to any of the precedmg dauns, charaaerized by 

a yoke secured to the bottom of the differential 
cyhnder, both ends of the y<*e forming jour- 
nals having a common axis located at right 
angles to the axis of tixe tdescopic dement. 

14. A hydropneumatic vdiide suspension, 
damping and stabilizing device, jsubstantiaHy as 
described with reference to any of Figs. 1 to 
11 of the accompanying drawing 
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